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There is a wide literature concerning the duration of incuba-
tion, as well as the ability of parent birds to manipulate both 
the duration of incubation and asynchronous hatching within 
their clutches (see reviews in Magrath 1990, Stoleson and 
Beissinger 1995, Stenning 1996). Some studies have focused 
on intrinsic differences between eggs, while others have 
stressed the important role of the behavior of the incubating 
adults. Penguins have often been used as a model to test this 
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Abstract. Rebstock and Boersma (2011) recently explored variation in the temperature and incubation period 
of eggs within clutches of the Magellanic Penguin (Spheniscus magellanicus). They deﬁned incubation period as 
“the time from the laying of an egg to its hatching” and concluded that parental behavior explained why the in-
cubation period of second eggs was shorter than that of ﬁrst eggs and controlled asynchronous hatching. While 
we agree that parents inﬂuenced asynchronous hatching by delaying the onset of incubation, we argue that their 
conclusions are based on an unconventional deﬁnition of incubation period. They included the period before the 
delayed onset of incubation in the incubation period, which leads to confusion. We state that the incubation period 
cannot include the time before the (delayed) onset of incubation when parents are not warming the eggs. As regards 
this latter and widely accepted deﬁnition, Rebstock and Boersma (2011) provided a large dataset showing that in-
cubation consistently lasted for 39 days, whenever the onset of incubation, for both ﬁrst and second eggs. The di-
vergence in the deﬁnition of “incubation period” and the failure to consider the “onset of incubation” for a species 
in which the ﬁrst egg is not incubated immediately after laying led to confusion in the interpretation of the results 
and conclusions from Rebstock and Boersma (2011).
Key words: incubation behavior, incubation period, onset of incubation, Spheniscus magellanicus.
El Comportamiento Parental Controla la Asincronía de Eclosión, pero no el Período de Incubación, 
en Spheniscus magellanicus: Un Comentario sobre Rebstock y Boersma (2011)
Resumen. Rebstock y Boersma (2011) exploraron recientemente la variación en la temperatura y el período de 
incubación de los huevos de las nidadas de Spheniscus magellanicus. Ellos deﬁnieron el período de incubación como 
“el tiempo desde la puesta de un huevo hasta su eclosión” y concluyeron que el comportamiento parental explicó por 
qué el período de incubación de los segundos huevos fue más corto que el de los primeros huevos y controló la asin-
cronía en la eclosión. Mientras que estamos de acuerdo en que los padres inﬂuenciaron la asincronía de la eclosión 
demorando el comienzo de la incubación, argumentamos que sus conclusiones están basadas en una deﬁnición no 
convencional del período de incubación. Ellos incluyeron el periodo anterior a la demora del inicio de la incubación 
en el periodo de incubación, lo que lleva a confusión. Aﬁrmamos que el periodo de incubación no puede incluir el 
tiempo antes del (demorado) inicio de la incubación cuando los padres no están calentando los huevos. Conside-
rando esta última y ampliamente aceptada deﬁnición, Rebstock y Boersma (2011) brindaron una gran base de datos 
que muestra que la incubación duró consistentemente 39 días, sea cuando sea el inicio de la incubación, tanto para el 
primero como para el segundo huevo. La divergencia en la deﬁnición del “periodo de incubación” y la falla al consi-
derar el “inicio de la incubación” para una especie en la que el primer huevo no es incubado inmediatamente después 
de la puesta lleva a confusión en la interpretación de los resultados y las conclusiones de Rebstock y Boersma (2011).
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question for several reasons (De León et al. 2001, Massaro 
and Davis 2005, Poisbleau et al. 2011). The main reason could 
be the reversed asynchronous hatching of the crested pen-
guins (genus Eudyptes, St. Clair 1996), a phenomenon unique 
among birds of which the underlying mechanisms remain un-
clear. Recently, Rebstock and Boersma (2011) aimed to test 
the hypothesis that parental behavior (speciﬁcally through 
a delayed onset of incubation) controls the asynchrony of 
hatching in the Magellanic Penguin (Spheniscus magellani-
cus). The authors concluded that parental behavior between 
the laying of the ﬁrst and the second egg determines the in-
cubation period and thus the resulting asynchronous hatch-
ing. However, we argue that their conclusions are based on 
an unconventional deﬁnition of incubation period. Rebstock 
and Boersma (2011) included within the incubation period the 
period before the delayed onset of incubation, which leads to 
confusion. We think that a reinterpretation of their results in 
the light of the conventional deﬁnition is necessary.
DEFINITION OF THE INCUBATION PERIOD
The ﬁrst sentence of the paper starts with a deﬁnition of the 
incubation period, “the time from the laying of an egg to its 
hatching.” This deﬁnition, which was not supported by a proper 
reference, is inconsistent with the usual terminology and with 
the different studies Rebstock and Boersma (2011) cited and 
used for comparison. See, for example, Ricklefs and Smeraski 
(1983), Martin (2002, 2007), or Sockman et al. (2006).
Wang and Beissinger (2011) have recently clariﬁed the 
terminology concerning incubation. They deﬁned incubation 
according to Beer (1964) as “the process by which the heat nec-
essary for embryonic development is transferred to an egg after 
it has been laid.” Rebstock and Boersma (2011) have confused 
(1) the period from the laying of an egg to its hatching and (2) 
the period from the onset of incubation of an egg and its hatch-
ing. These two notions are not the same. The second, called “ef-
fective incubation” in this commentary, sticks to Beer’s (1964) 
and Wang and Beissinger’s (2011) deﬁnitions and measures the 
incubation period from the time that the parents heat the eggs 
sufﬁciently to allow embryos to develop. The ﬁrst notion in-
cludes both the period between laying and the beginning of ef-
fective incubation (egg-attendance period) and the period of 
effective incubation. According to the deﬁnition Rebstock and 
Boersma (2011) used, it is not correct to employ the wording 
“delayed onset of incubation” as they did. A delay in the start of 
incubation cannot be counted in the incubation period because, 
by deﬁnition, the delayed incubation period has not yet begun. 
Yet Rebstock and Boersma (2011) used the time from laying 
to hatching to calculate incubation periods including the delay 
before the onset of incubation within this time. This mistake, 
which could go unnoticed for birds initiating incubation as soon 
as the ﬁrst egg of the clutch is laid, is an issue in Rebstock and 
Boersma’s experimental study (2011) on penguins, especially 
as regards the experimental design.
We acknowledge that Rebstock and Boersma (2011)’s 
conclusions are only as “wrong” as their deﬁnition of incuba-
tion period is wrong since they are consistent with this deﬁni-
tion. However, we would like to stress that the presentation of 
this study may cause confusion for readers that do not read the 
manuscript very carefully, do not note the unusual deﬁnition 
of incubation period used in it, and then interpret the results 
and its conclusions in the light of the widely accepted deﬁni-
tion. We here state what the conclusions would be if the deﬁni-
tion was the conventional one.
DETERMINATION OF THE ONSET OF 
INCUBATION
First of all, it is necessary to determine when the effective in-
cubation of the ﬁrst and the second eggs began (i.e., the on-
set of their incubation). Rebstock and Boersma (2011) have 
presented a large amount of interesting data that provide this 
information.
According to Weinrich and Baker (1978), a temperature 
of 26 °C is enough for some development of Adélie Penguin 
(Pygoscelis adeliae) eggs, which have a mean mass of 113–
124 g (Williams 1995), similar to that of Magellanic Penguin 
eggs, 125 g (Rafferty et al. 2005). Rebstock and Boersma 
(2011, see their Fig. 2) reported that this threshold tempera-
ture was attained at day 3 for the ﬁrst egg, i.e., 2 days after 
laying. All their data lead to the same conclusion: Magellanic 
Penguins start to effectively incubate ﬁrst eggs 2 days after 
laying, while second eggs are incubated immediately after 
laying. But consistent with their deﬁnition of incubation pe-
riod, they did not take this result into account when analyzing 
and interpreting their results. We feel that it is important to 
reformulate some of those results, considering that the incu-
bation period starts only at the (delayed) onset of incubation.
REFORMULATION OF THE RESULTS
Rebstock and Boersma (2011) performed a study under con-
trol and experimental conditions. Provided that effective incu-
bation started 2 days after the ﬁrst egg was laid, observations 
of control nests suggested that both ﬁrst and second eggs are 
effectively incubated for 39 days on average (Figs. 1a and 1b). 
Since second eggs were laid on average 4 days after ﬁrst eggs, 
Rebstock and Boersma (2011) concluded that the asynchrony 
of hatching was 2 days. The egg-swap experiment perfectly 
conﬁrmed this ﬁnding.
Delayed incubation—ﬁrst egg. First eggs were stored in a 
cooler during the 4 days until the second egg of their clutches 
was laid. They were not incubated during this 4-day period. 
Therefore, the incubation of both ﬁrst and second eggs started 
at the same time (i.e., when the eggs were replaced in their 
nest; compare Fig. 1c to Fig. 1b). Incubation of ﬁrst eggs lasted 
39 days (see Fig. 1c). Actually, Rebstock and Boersma (2011) 
reported that ﬁrst eggs hatched 1 day after second eggs on 
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average. They explained that keeping the eggs below 20 °C for 
several days likely delayed development, and that some devel-
opment of the second eggs likely occurred before they found 
them and replaced the ﬁrst eggs.
Immediate incubation—ﬁrst egg. Rebstock and Boersma 
(2011) used ﬁrst eggs from another nest to replace newly laid 
second eggs. Effective incubation in the foster nest had al-
ready started 2 days prior to the placement of the swapped 
egg. They were therefore incubated immediately. Their effec-
tive incubation period was 39 days (see Fig. 1d).
Delayed incubation—second egg. Second eggs were 
treated as ﬁrst eggs for the ﬁrst 4 days and placed in nests to re-
place ﬁrst eggs that had just been laid. They were then returned 
to their original nests. It was expected and observed that the 
period from laying to hatching for these delayed second eggs 
was the same as for ﬁrst eggs under natural conditions, i.e., 41 
days. Nevertheless, the effective incubation period was again 
39 days (see Fig. 1e). Actually, these periods were 1 day shorter 
(40 days from laying to hatching). A possible explanation is that 
when the second egg was returned to its original nest 4 days af-
ter being laid, the incubation temperature (~31 °C) was higher 
than for ﬁrst eggs under natural conditions at the same age 
(28 °C). This temperature difference could have contributed to 
a slight reduction of the effective incubation period.
REFORMULATION OF THE CONCLUSIONS
To summarize brieﬂy the results from Rebstock and Boersma 
(2011): the effective incubation period was consistently 39 
days, and the variation in the period between laying and 
hatching came from a delay in the onset of incubation. The 
ﬁnding that the period between laying and hatching, under 
Rebstock and Boersma’s (2011) deﬁnition of incubation pe-
riod was extended by the time that parents were not actually 
incubating is logical. Finally, the conclusions of Rebstock and 
Boersma (2011) in the light of the conventional deﬁnition of 
incubation period should, for example, be: (1) Effective in-
cubation starts when ﬁrst eggs are 2 days old; (2) ﬁrst and 
second eggs have the same incubation period of 39 days; (3) it 
is therefore unlikely that ﬁrst and second eggs are intrinsically 
different; (4) under natural conditions, second eggs hatch only 
2 days after ﬁrst eggs despite the 4-day interval between them 
because effective incubation starts only when ﬁrst eggs are 
2 days old, and not on the day they are laid; and (5) parents 
can modulate asynchronous hatching (but not the incubation 
period) by manipulating the onset of incubation.
All available evidence appears to indicate that parental in-
cubation behavior, not an intrinsic difference between the eggs, 
controls the asynchrony of hatching in the Magellanic Penguin.
FIGURE 1. Schematic representation of the experimental design of Rebstock and Boersma (2011) and incubation periods expected for ﬁrst 
and second eggs of the Magellanic Penguin. Thin lines represent the delay between laying and the onset of incubation. Long rectangles rep-
resent the effective incubation period of 39 days. Pattern observed under natural conditions for (a) ﬁrst eggs and (b) second eggs (control). (c) 
Pattern when the incubation of ﬁrst eggs was delayed by their being stored in a cooler for 4 days (delayed incubation). (d) Pattern when the 
incubation of ﬁrst eggs was advanced by their treatment as second eggs (immediate incubation). (e) Pattern when the incubation of second 
eggs was delayed by their treatment as ﬁrst eggs (delayed incubation). Unmanipulated sibling eggs of the swapped eggs are not shown. Time 
scale starts from the day ﬁrst eggs were laid for control eggs (a and b) and at laying for swapped eggs (c, d, and e).
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